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Introduction
Government budget and government debt crises have recently questioned the sustainability of government finances and entire economy in many European countries. The social welfare that European governments are aiming at puts a downturn risks on the budget, government debt as well as on economic sustainability. The economic growth, which lasted over a decade, boosted tax income and resulted in the illusory idea of governments about loosening the budget. This has led to a massive expansion of the public sector in most of the economies. However, the economic downturn which was expected to happen changed the situation to the worse. The countries that seemed to be most competitive in the aspect of taxation found themselves in the unfavorable situation when the government commitments to electorate and public could not be relieved so easily. This situation in the global economy tried the budgets and sustainability of government finance as well as the short-sightedness of governments in most of the countries. At the moment, one of the hottest topics among both economists and politicians is the prospects of public finance, first of all taxation.
This paper aims to contribute to the discussions by testing the efficiency of taxation in various EU countries in terms of the sustainability of economy. Economic sustainability is understood as sustainable public finance when there is no downturn risk for the public budget and the entire economy.
The paper begins with an overview of the research in the field of efficient taxation. It includes discussions and empirical research on the link between taxation and economic growth, optimal tax rates that foster economic activities of individuals and firms, etc. Adopting the general framework, we take the main idea that tax rates can be not only too high, but also too low for the sustainable development of the economy and the fiscal budget. The research starts from a comparative analysis of corporate tax rates and their changes as well as taxation income in the EU countries. Then, we apply the HP filter to extract the trend and cyclical behaviour of taxation income in these countries. The results highlight the countries with the most risky behaviour in terms of tax rates and taxation income.
Theoretical background
The optimal taxation level and tax structure has been an issue for discussions and empirical research for a long time. Probably every questioning starts from the Laffer curve which theoretically suggests that there should be an optimal tax rate in an economy, which contributes the maximum taxation income to the public budget. This should be the tax rate that every government is aiming at, because at this level taxes do no harm the economy and the budget income is maximized, allowing a maximization of government spending. The further explanation of the Laffer curve includes cases when the tax rate is higher or lower than the optimum rate. In both cases, it is clear that taxation income is not maximized, this suggests losses for the public budget. When the tax rate is higher than the optimum, the taxation income is low because of a slowdown in the economy. Taxes in this case have a direct negative impact on the economy. In the case when tax rates are lower than the optimum, there is an indirect negative impact on the economy because of a smaller taxation income which harms the public budget, fosters the growth of public debt, etc. Thus, the main idea of empirical research in the field is to estimate the optimum level of taxation, which could lead to a sustainable economy development.
There is a big range of theoretical models and empirical research on the impact of taxation on economy growth. Most of these researches apply long-term economic growth models such as the Solow or AK endogenous growth models. Lee and Gordon (2004) summarize the theoretical ways in which taxation can affect the long-term economic growth. Economic growth is dependent on the accumulation of human and physical capital. So, taxes can affect the accumulation of these production factors. Lee and Gordon (2004) note that lower corporate tax rates (especially on investment) suggest a boom in the short-term growth because of increasing corporate investments. This can be considered as one of the risks for the sustainability of economic growth because of the distortions and excessive investment that might cause an oversupply in the economy in a medium term.
The other way in which taxes make an influence on economy growth rates is the initiatives to do business and to invest. When following the Schumpeterian and the endogenous growth logics, a bigger emphasis is on the structure of taxes than on the size of tax rates. In this case, a comparison of personal and corporate tax rates, schedules of personal income taxes and similar questions matters. The results of previous research (Cullen, Gordon, 2002) show that corporate tax rates should be lower as compared with a personal tax in order to encourage creation of private business and foster the growth of the economy.
We should note that the majority of research on taxation and economy growth concentrates on outcomes for a single country. The theoretical models suggested by the authors are applicable to the analysis of a separate economy. Thus, the aim is to find the optimal tax rate in accordance with the peculiarities of a particular economy. A comparative analysis is quite rare. Though, we suggest that economies and their governments compete on tax rates in order to attract more investment and foreign business into a country and thus to promote the development of economy. our approach is supported by M. Koethenbuerger and B. Lockwood (2010) who question the decentralization of tax administration and its impact on economy growth. The authors propose only a theoretical model for a single country, which analyses the relationship between tax competition within the country and growth in an endogenous growth model. The results are ambiguous. The impact of tax decentralization and competition on economy growth depends on what taxes we are talking about. Koethenbuerger and Lockwood (2010) conclude that the results might be different in terms of welfare.
Another group of relevant research is related with the estimation of effective tax rates (Markle, Shackelford, 2011; Patry, Lester, Lemay, 2006; Mendoza, Razin, Tesar, 1994) . one of the recent and most extensive researches in this area was presented by a group of British and German economists in 2008 (Devereux et al., 2008 . They apply the methodology of calculating the effective average tax rate (EATR) for taxes on domestic investment, cross-border investment within the EU, and tax rates for small and mediumsize enterprises in all EU countries. "Given a post-tax real rate of return required by the company's shareholder, it is possible to use the tax code to compute the implied required pre-tax real rate of return, known as the cost of capital. The proportionate difference between the cost of capital and the required post-tax real rate of return is known as the effective marginal tax rate (EMTR)" (Devereux et al., 2008) . The idea of the effective average tax rate is somewhat different in terms of its explanation. Companies compare the taxation environment in different countries when taking decision on their location. "If two locations are mutually exclusive, then the company must choose between them. In this case, the impact of taxation on the choice is measured by the proportion of total income taken in tax in each location" (Devereux et al., 2008) . This proportion in called the effective average tax rate.
We should note that in this case the researches are more often empirical and multinational. As the authors do not emphasize the tax competition among the countries, their research is more often static and does not reveal the changes in tax rates. one more important conclusion from the analysis of these empirical researches is related to the type of taxes. The authors concentrate their research on various forms of corporate taxation. This finding suggests that corporate taxes could be most important when comparing countries. So they are most important for tax competition among the countries. Despite the importance of labour taxation for the economy growth, corporate taxation is much more important for a cross-country comparison. Therefore, we suggest that inappropriate changes in corporate taxation might harm the economy sustainability.
Comparative analysis of taxes in the EU
our study begins with a comparative analysis of tax rates and tax income in selected EU countries. Its results should show the dynamics of tax rates and tendencies in tax income. on the other hand, a comparison of the indicators of different countries could describe the relative situation in a specific country. A corporate income tax rate was chosen for the analysis as it is one of the main indicators that EU countries are competing on. Table 1 presents corporate income tax rates in selected EU countries and their evolution since 1990.
As one can see in Table 1 , since 1990 the corporate tax rate has been reduced in all major EU countries. This finding suggests that EU countries are competing on corporate tax rates in order to attract more foreign investment and spur the growth of their economies. The biggest decrease during 20 years was observed in Ireland where the corporate income tax rate decreased from 43% in 1990 to 12.5% since 2003. Another leading country in this case is Germany where the tax rate was diminished by 29.6 p.p. It was caused not only by government policies, but also by the integration of the former GDR in 1991. However, if we look at the second half of the period, in Germany the decrease of the corporate tax rate since 2000 was sharpest. We can also see that the countries that faced met the most serious public finance problems in 2010 (Greece, Portugal, Ireland) lowered the corporate income tax most significantly.
overall, the analysis results imply that competition on tax rates has even increased since 2000, because the reduction of tax rates is even bigger. This period was also followed by a constant and increasing economic growth which was favorable for governments to have an increasing tax income, even though the tax rate was lower. This situation might have fooled the governments about having positive tax returns based on the Laffer curve and helped them to increase budget spending without a negative impact on the balance and debt.
The effect of tax lowering policy in the EU countries can be suggested by analysing budget income. First of all, we should note that tax income is of a great importance for government budgets in all EU countries. The share of tax income is biggest in Belgium, Italy and the UK. �n average, tax income in these countries makes more than 90% of total budget inflow. The share is smallest in Bulgaria, Greece, Latvia, Malta, Poland and Finland where tax income on average makes less than 85% of the total budget inflow. These findings imply that public finance and economic sustainability are very much dependent on taxation and tax income of the government.
The second issue deals with tax rates of the other major taxes -personal income tax and value added tax. A brief analysis of their rates indicated that the value added tax rate was increasing only in new EU member states because of the Union regulations. In other countries it remained much more stable, as did also personal income tax rates. The average standard deviation of the corporate income tax during 1990-2010 is 5.8, and the average of the same ratio of the personal income tax is 1.2. This suggests that, despite a great importance of these two taxes on tax income in the countries, governments do not compete on them, and the possibility of these two taxes to become too low is much smaller. These findings support our preliminary derision to study the corporate income tax in this research. Table 2 presents shares of income of taxes in the income or profits of corporations in the total taxation income in some of the EU countries. We can see that on average corporate taxes contribute only about 8% to the total taxation income of the budget although the average correlation between corporate tax income and total taxation income in economies is 0.87 and varies from 0.55 in Italy to 0.99 in Romania. This suggests that, despite their small share, the corporate tax income is important for the total taxation income fluctuations. In smaller countries, such as Luxembourg, Malta, Cyprus and Czech Republic, corporate taxes are more important. Corporate income tax share is the smallest in Germany, the biggest economy of the EU. As noted above, Ireland was the country where the corporate income tax rate was diminished most significantly and we can see in Table 2 that the share of corporate taxes was decreasing since 2003 when the new tax rate was introduced. In absolute terms, the corporate tax income started falling in 2007 in Ireland. In general, since 2004 In general, since -2005 , the share of income from corporate taxation in the total taxation income was increasing in most of the EU countries. However most likely it was related to economic growth and a favourable economic situation for companies to make large profits than to lower tax rates. In 2008-2009, the income of corporate taxation decreased in both absolute and relative terms in all EU countries except Luxembourg and Malta. This suggests that the cyclical fluctuations of economies might have misled the governments when making decisions on taxation. Despite the knowledge that smaller taxes lead to a faster economic growth, there is a great risk for economic sustainability.
For a more detailed and comprehensive understanding of these fluctuations in tax rates and taxation income, we suggest an empirical research. A short comparative analysis of taxes in the EU countries suggested that there might have been a competition among them to diminish corporate tax rates in order to attract foreign investment and business (in case of Ireland and new member states) or in order to maintain the existing investment and business inside the country (in case of the EU founders). on the other hand, the politicians might have mistaken when taking taxation decisions because of the favorable business cycle fluctuation that caused a steady growth of most economies in the EU. So, in this study we have atteonpted to test the importance of a business cycle for corporate taxation income and to identify the countries where corporate income tax rates were too low and therefore harmful for public budget and economy sustainability.
Methods
In this paper, we suggested to analyse the sustainability of economic development by considering the public budget deficit / surplus. As the recent development of European economies shows, the most challenging problems that governments face are related to steeply increasing budget deficits and debts. This hurts economic development most. This paper considers budget income -the taxation that sometimes governments compete for by lowering tax rate in order to promote the growth of economy.
The results of a comparative analysis of taxation in the EU countries suggest that, because of the favourable business cycle situation in economy, the governments are misled when making decisions on taxation. The biggest risk in terms of decreasing corporate income tax rates and taxation income was observed in Ireland, Portugal, and Greece. These are the countries that faced severe public finance problems during the recent economic downturn. We suggest analysing the cyclical fluctuations of government taxation income in order to understand when the diminishing tax rates became harmful to economic sustainability.
The idea to estimate the cyclical trend in fiscal data (including taxation income) is not completely new. This approach is often used in research on political and budget cycles (for example, Veiga, Veiga, 2007; Shi, Svensson, 2006; Buti, Noord, 2004; Andrikopoulos, Loizides, Prodromidis, 2004) . The methodologies used in their research suggest that common methods for the estimation of the cyclical behaviour of macroeconomic variables are applicable not only to GDP and other indicators of a real economy, but also to fiscal indicators or monetary data. We should note that researches on political and budget cycles address the total taxation income, and in this paper we are also going to concentrate on corporate income taxation. Thus, we shall apply the same method to total and corporate taxation incomes in order to estimate their cyclical behaviour and trend.
The most common and most widely used method for estimating the cyclical behaviour of a macroeconomic variable and its trend is the Hodrick-Prescott (HP) filter filter. Initially, it was used for the estimation of the GDP potential and for analysing its cyclical behaviour (estimation of the business cycle of an economy). However, at present, the application of the HP filter is much wider. It was used also for fiscal data in the researches that were mentioned above.
The HP filter helps to separate a cyclical behavior from the log-run path of an economic series. It decomposes the economic series of interest into a slow-changing trend and a transitory deviation that is called "cycle":
where s is the economic series observed, r is the trend component; c and is a cyclical component.
Usually, the HP filter extracts the trend from a time series by solving the following problem: . The HP filter has some shortcomings and drawbacks, but, as Ahumada and Garegnani (1999) note, they do not appear to affect its wide use in empirical research.
There is one more important thing to note when aiming to apply a HP filter to fiscal data. For an HP filter to give accurate results, the macroeconomic indicators should be real (no impact of prices). All the fiscal data, including taxation income, are nominal. So, we follow Andrikopoulos, Loizides, Prodromidis (2004) and convert the nominal data on taxation income into real terms with the help of a GDP deflator:
where TI indicates taxation income, R stands for real and N for nominal data.
The research presented in this paper has two steps. First of all, we apply an HP filter to corporate taxation income ("taxes on the income or profits of corporations") in the EU countries with data available in the Eurostat for 1995-2010. For most of the countries, data from 2010 were not yet available. Corporate taxation income was chosen because of higher deviations observed previously and suggested that governments compete on the corporate income tax rate most in order to attract more foreign investment and foster the economic growth. We analyse the trend curves of corporate taxation income in public budgets in the EU countries in order to estimate the possible turning points in the budget.
Secondly, after the cyclical component of corporate taxation income has been extracted, we estimate its variance and analyse the other descriptive statistics of the derived time series. In this way, we aim to assess the risk which can be addressed to unsustainable corporate taxation income in a public budget. After then, that we may come back to the comparative analysis of corporate income tax rates in EU countries presented in the beginning of this paper. As a result of the research, we expect to elucidate the countries that have a diminishing corporate taxation income trend together with a very volatile cyclical behaviour of income. This could mean that the country is facing a great risk of a diminishing budget income. A comparison of the turning points in the corporate taxation income trend and the tendencies of corporate tax rates could imply the fact that tax rates are too low in terms of collecting taxation income.
Results
With the help of the HP filter, we decomposed the corporate taxation income in some of the EU countries during 1995-2010 into trend and cycle data. The derived trend line shows the implicit behaviour of the corporate taxation income in the countries. our results suggest the basic behaviour of taxation income, which summarized in Table 3 .
one can see in Table 3 that in most of the EU countries there is an increasing tendency of a corporate taxation income. The slope of trend curves differs, indicating a faster or slower growth of budget income from corporate taxation, but they are not the object of this paper. Two countries -Italy and Slovakia -have an upward parabola trend curve which means that till 2001 the corporate taxation income was decreasing and afterwards started to increase. In the Italian case, it might be partly related to a solid reduction of the corporate income tax rate in 1998, which might have helped to motivate the corporate activity. In Slovakia, as well as in many other formerly Soviet countries, the taxation income growth might be caused by economic development, foreign investment growth, and the increasing reliability of a country. Initially, these countries on average had lower tax rates which might have been attractive for investors and foreign companies.
The estimated corporate taxation income trend lines suggest that in Ireland, France, Greece, Luxembourg and the Netherlands income has a downward trend. This situation is not very favourable, because it indicates that corporate taxation income in public budget has a tendency to decline, but because of the favorable situation in the business cycle the governments of these countries might have not noticed this changing situation.
Two countries from the list are those that have recently met fiscal difficulties. For both of them, the preliminary break point could have occurred in 2004. As noted previously and presented in Table 1 , Ireland and Greece made serious reductions of corporate income tax rates. In Ireland, the tax rate was reduced to 12.5% in 2003, and in Greece the reduction started in 2004 from 35% and stopped in 2010 at a 24% tax rate. These results suggest that in Greece and Ireland the reduction of tax rates was too big and harmful for their budget and economic sustainability.
The cyclical component of corporate taxation income in the EU countries under analysis was extracted by subtracting the estimated trend from the actual corporate tax income series. Afterwards, the descriptive statistics of the cyclical component time series was calculated and analysed. Table 4 are listed with regard to a standard deviation of the cyclical component. First of all, we note that the mean value of the cyclical component of corporate taxation income is much lower than the median in all EU countries. This finding suggests that corporate taxation income was more often above than below the trend. In other words, it shows that corporate taxation income in public budgets more often was bigger because of the favourable economic situation but not because of the good decisions of the governments. Such a situation in economies might have led to inappropriate governmental decisions.
The values of the standard deviation coefficient indicate the variability of the cyclical component and are used to assess the risk. The research results presented in Table 4 show that Ireland, Portugal and Greece list in the middle among the other EU countries, indicating that the risk of an unexpected downturn of the corporate taxation income, which is harmful for the budget, is on the upper side. The results suggest that the situation of France is most risky. As noted earlier in this paper, the corporate taxation income in France has a downward trend, and the variance of the cycle is one of the biggest. This indicates a high risk of an unexpected sharp decrease of the corporate taxation and total budget income, which might deteriorate economic sustainability.
Conclusions
The government budget and government debt crises have recently questioned the sustainability of public finance and entire economy in many European countries. Social welfare the European governments are aiming at puts downturn risks on the budget, government debt as well as on the sustainability of the whole economy. on the one hand, governments are competing on tax rates in order to attract foreign investments and business into the country and to promote economic growth. on the other hand, the decreasing taxation income in the public budget leads to increasing public debts and harms the economy. The previous researches in this field are of two kinds. �ne part concentrates on taxation effect on economy growth. They use endogenous growth models and question the optimum rate of taxation of production factors. These researches are broader because they include not only corporate but also private (labour) taxation, but usually they concentrate on creating a theoretical growth model for a single country.
This paper contributes to the field of research on effective taxation in which the existing analyses are more often empirical and multinational. It suggests that corporate taxes could be most important when comparing countries as they are most important for tax competition, although the method we apply in our research differs from the calculation of effective tax rates. Following the methodology of research on political and budget cycles, we propose to use HP the filter, to estimate the cyclical behaviour of corporate taxation income in the public budget, and to determine its trend. In this way, we could assess the risk of a too low corporate income and profit tax rates, which is harmful for total income in public budget as well as for sustainability of entire economy.
The results of the research indicate that some of EU countries compete by lowering their corporate income and profit tax rates and trying to be more attractive for investors. The leading country in this case is Ireland where the reduction of the corporate income tax rate was most significant. Although the share of corporate taxes in total taxation and budget income is not big, its high variation, which is strongly related to budget income, is indicative of its importance for public finance sustainability.
The research has revealed Ireland, France, Greece, Luxembourg, and the Netherlands to show a downward corporate taxation income trend. The break points of the trend lines are very close to the dates of tax rate reduction. These findings suggest the harmfully small tax rates that could hit the sustainability of public finance and economy. Ireland and Greece have already faced some public finance problems, and the situation of France can be considered to be most risky because of a high variation of its corporate taxation income cycle.
